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Description 

The invention relates to a method of manufacturing 
semiconductor devices whereby semiconductor ele- 
ments and conductor tracks are formed on a first side 
of a semiconductor slice provided with a layer of semi- 
conductor material lying on an insulating layer, after 
which the semiconductor slice is fastened with this first 
side to a support slice, and after which material is re- 
moved from the semiconductor slice from the other, sec- 
ond side until the insulating layer has been exposed, 
during which method the insulating layer is provided with 
contact windows in which conductive elements are pro- 
vided which are connected to the semiconductor ele- 
ments. 

The support slice may be divided into separate 
parts in usual manner, for example by sawing, so as to 
form individual semiconductor devices which may com- 
prise one or several semiconductor elements. In the 
former case discrete semiconductor devices are ob- 
tained, in the latter case integrated semiconductor de- 
vices. The semiconductor elements may be, for exam- 
ple, bipolar transistors or field effect transistors. 

Since the semiconductor slice need not be heated 
any more to temperatures above approximately 200 °C 
after the formation of the semiconductor elements, no 
extreme demands need be imposed on the fastening of 
the semiconductor slice to the support slice and on the 
support slice itself. The semiconductor slice may be fas- 
tened to a conductive support slice made, for example, 
of a metal such as copper, or to an insulating support 
slice made, for example, of an insulator such as glass 
or alumina, by means of a synthetic resin glue such as 
an epoxy or acrylate glue. The support slice may have 
a coefficient of expansion which is different from that of 
the material of the semiconductor slice. Differences in 
expansion will be small during subsequent process 
steps and can then be accommodated by the glue layer. 

The layer of semiconductor material, for example 
made of silicon, may be monocrystalline, but also poly- 
crystalline or amorphous. The insulating layer, for ex- 
ample made of silicon oxide, may be provided by dep- 
osition, but also in some other way. A layer of silicon 
oxide may be obtained, for example, through implanta- 
tion of oxygen ions into a silicon slice. 

The insulating layer on which the layer of semicon- 
ductor material is provided may, during the bulk-reduc- 
ing treatment in which the insulating layer is exposed, 
serve as a layer on which this bulk reduction stops au- 
tomatically; as an etching stopper layer during an etch- 
ing treatment or as a polishing stopper layer during a 
polishing treatment. The insulating layer itself is not re- 
moved and serves subsequently as an insulation for the 
semiconductor elements. The insulating layer is provid- 
ed with contact windows in which conductive elements 
are provided which are connected to the semiconductor 
elements. The semiconductor elements may then be 
contacted externally through these conductive ele- 



ments. 

The English Abstract of JP-A-1/18248 discloses a 
method of the kind mentioned in the opening paragraph 
whereby the insulating layer is provided with contact 
5 windows and whereby the conductive elements in the 
contact windows are provided after the insulating layer 
has been exposed by the bulk-reducing treatment. 

As is usual, a photoresist mask is to be provided on 
the insulating layer in order to form the contact windows 
10 in the insulating layer. A photoresist layer is thus provid- 
ed on the exposed insulating layer, after which a pho- 
toresist mask is imaged. A disadvantage of the known 
method is that it is not possible during this photolitho- 
graphic process to use alignment marks provided on the 
15 first side of the semiconductor slice during the provision 
of the semiconductor element and the conductor tracks 
on this side. A photoresist mask should also be provided 
for the provision of the conductive elements in the con- 
tact windows, for which said alignment marks cannot be 
20 used either. 

Furthermore, equipment other than that used for 
forming the semiconductor elements and the conductor 
tracks on the semiconductor slice will be found to be 
necessary for providing the contact windows and the 
25 conductive elements. The support slice on which the 
semiconductor elements and the conductor tracks and 
the insulating layer are fastened has, for example, a dif- 
ferent thickness from that of the semiconductor slice. 
The invention has for its object to provide a method 
30 which renders it possible to use the same photolitho- 
graphic equipment and the same alignment marks on 
the first side of the semiconductor slice, which are used 
for forming the semiconductor elements and the con- 
ductor tracks on the first side of the semiconductor slice, 
35 also for forming the contact windows in the insulating 
layer and for forming the conductive elements. 

The present invention is defined by the method ac- 
cording to claim 1 . 

The same semiconductor slice is processed at its 
40 same first side as during the formation of the semicon- 
ductor elements and the conductor tracks also for the 
provision of the contact windows in the insulating layer 
and for providing the conductive elements. The same 
lithographic equipment and the same alignment marks 
45 may be used for this. The invention is based on the rec- 
ognition that the conductive elements which are provid- 
ed in the contact windows before the semiconductor 
slice is fastened on the support slice will be exposed 
during the bulk-reducing treatment in which the insulat- 
50 jng layer is exposed. The conductive elements thus ex- 
posed will then render possible the external contacting 
of the semiconductor elements. 

In practice, all process steps preceding the fasten- 
ing of the semiconductor slice on the support slice can 
55 be carried out in a different space from the space in 
which the remaining process steps are carried out. The 
former steps must be carried out in a clean room, the 
other ones may be carried out outside it in a space in 
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which the absence of dust particles is subject to less 
stringent requirements. Since such a space is much 
cheaper than a clean room, the method according to the 
invention can be carried out at a comparatively low cost. 

The conductor tracks and the conductive elements 
may be formed in a single photolithographic step if after 
the formation of the contact windows in the insulating 
layer a conductive layer is deposited on the first side of 
the semiconductor slice, in which subsequently both the 
conductor tracks and the conductive elements are 
formed. 

Preferably, the conductive layer is deposited on a 
conductive base layer after which the conductor tracks 
and the conductive elements are formed both in the con- 
ductive layer and in the base layer. The materials of the 
base layer and of the conductive layer may then be cho- 
sen such that the conductive layer is satisfactorily pro- 
tected by the base layer during the process of exposing 
the insulating layer, while in addition the conductor 
tracks have a comparatively low electrical resistance. If 
a semiconductor slice made of silicon is used with an 
insulating layer of silicon oxide on which a silicon layer 
of semiconductor material is provided, then silicon is re- 
moved during the process of exposing the insulating lay- 
er. This bulk-reducing treatment must then stop when 
the silicon oxide insulating layer is reached. This may 
be done in usual manner, for example, highly selectively 
in an etching bath containing KOH. In that case, the con- 
ductive layer may be very effectively protected by a base 
layer of titanium, tungsten, or a titanium-tungsten alloy. 
The provision of, for example, a layer of aluminium or of 
an aluminium alloy on the base layer renders it possible 
to form conductor tracks with an electrical resistance 
which is much lower than that of conductor tracks 
formed in a layer of titanium, tungsten, or a titanium- 
tungsten alloy 

The contact windows may also be provided with an 
auxiliary layer on their bottom before the conductive lay- 
er is deposited. The conductive layer is then protected 
by this auxiliary layer during the process of exposing the 
insulating layer. With the use of the same semiconductor 
slice as above, the auxiliary layer may be made from 
titanium, tungsten, or a titanium-tungsten alloy Alterna- 
tively, however, the auxiliary layer may now be manu- 
factured from a non-conductive material as well. In the 
example given here it is possible, for example, to use 
silicon nitride which acts as a very effective etching stop- 
per during etching in a bath containing KOH. During or 
after the bulk-reducing treatment, however, it is then 
necessary to expose the conductive layer within the 
contact window. 

The conductive layer is exposed not only when the 
auxiliary layer is made of an insulating material, but pref- 
erably also when this auxiliary layer is made of a con- 
ductive material, and also in the case in which the con- 
ductive layer is provided on a conductive base layer. In 
all these cases it is possible then to manufacture the 
conductive layer from a material, such as aluminium or 



an aluminium alloy, on which a conductive wire can be 
provided by means of a usual bonding technique for ex- 
ternal contacting. 

The invention will be explained in more detail below, 
5 by way of example, with reference to a drawing, in which 

Figs. 1 to 6 diagrammatically and in cross-section 
show a portion of a semiconductor device in a 
number of stages of manufacture by the method ac- 
10 cording to the invention, and 

Figs. 7 to 1 0 diagrammatically and in cross-section 
show a portion of a semiconductor device during a 
few stages of manufacture by means of preferred 
embodiments of the method according to the inven- 
ts tion. 

Figs. 1 to 6 diagrammatically and in cross-section 
show a portion of a semiconductor device in a few stag- 
es of manufacture by the method according to the in- 
20 vention. Manufacture starts with an approximately 700 
ujti thick semiconductor slice 1 which is provided at its 
first side 2 with a layer of semiconductor material 4 dis- 
posed on an insulating layer 3. In this example, a sem- 
iconductor slice 1 of monocrystalline silicon is used in 
25 which an approximately 0.4 ujti thick layer of silicon ox- 
ide 3 is provided through implantation of oxygen ions. 
On the silicon oxide layer 3 there is an approximately 
0.1 urn thick layer of semiconductor material, made of 
monocrystalline silicon 4. This, however, is immaterial 
30 to the invention. The semiconductor layer may alterna- 
tively be a layer of polycrystalline or amorphous semi- 
conductor material, which may be a semiconductor ma- 
terial other than silicon. The insulating layer may also 
be manufactured from materials otherthan silicon oxide. 
35 Semiconductor elements are formed in usual man- 
ner on the first side 2. These may be various elements 
such as field effect transistors and bipolar transistors. In 
the present example, the provision of a single element 
in the form of a field effect transistor is shown for the 
40 sake of clarity. The silicon layer 4 is for this purpose pro- 
vided with a p-type doping in usual manner and subse- 
quently subdivided into mutually insulated islands 5, in 
this example in that the silicon layer 4 is etched away 
from the insulating layer 3 between the islands 5. A field 
45 effect transistor is formed in each of these islands. The 
silicon layer 4 is for this purpose provided with a gate 
dielectric layer 6, after which the silicon layer 4 is sub- 
jected to a usual thermal oxidation. Then a layer of poly- 
crystalline silicon 7 is deposited, in which a gate elec- 
50 trode 8 is formed. With the gate electrode 8 acting as a 
mask, source 9 and drain 10 are subsequently formed 
through implantation of an n-type dopant. Finally, the 
transistor thus formed is covered with an insulating sili- 
con oxide layer 11 . 
55 Contact windows 12 are provided in the silicon ox- 
ide layer 11 , after which conductor treks 14 are formed 
in a conductive layer 1 3 in usual manner on the first side 
2 of the semiconductor slice 1 . 



25 



30 



35 



40 



45 



50 



3 



5 



EP 0 684 643 B1 



6 



After the conductor tracks 1 4 have been formed, the 
semiconductor slice 1 is fastened with its first side 2 to 
a support slice 15. In this example, the semiconductor 
slice 1 is fastened to an approximately 1.5 mm thick 
glass support slice 15 by means of a layer of acrylate 
glue 16. The semiconductor slice 1 need not be heated 
to temperatures above approximately 200 °C any more 
after the formation of the conductor tracks 14, which is 
why the fastening of the semiconductor slice 1 to the 
support slice 15 and the support slice 15 itself are not 
subject to extreme requirements. The semiconductor 
slice 1 may be fastened to the support slice 15, for ex- 
ample, with a synthetic resin glue such as an epoxy glue 
or, as in the present example, an acrylate glue. The sup- 
port plate 15 in the example is made of glass, but alte- 
natively a metal support plate, for example made of cop- 
per, or an alternative insulator, for example aluminium 
oxide, are also possible. In general, the support slice is 
allowed to have a coefficient of expansion which is dif- 
ferent from that of the semiconductor slice material. Dif- 
ferences in expansion will be small during subsequent 
process steps and may then be accommodated by the 
glue layer. 

After the semiconductor slice 1 has been fastened 
to the support slice 15, material is removed from the 
semiconductor slice from the other, second side 1 7 until 
the insulating layer 3 is exposed. For this purpose, the 
second side 1 7 is first exposed to a usual chemical-me- 
chanical polishing treatment until the insulating layer of 
silicon oxide 3 is no more than a few [im away, upon 
which this layer 3 is exposed in an etching bath contain- 
ing KOH. The etching treatment stops automatically the 
moment the layer 3 is reached, this layer acting as an 
etching stopper layer. 

The silicon oxide insulating layer 3 is provided with 
contact windows 18 in which conductive elements 19 
are provided which are connected to the semiconductor 
elements, in the drawing to the source 9 of the transistor. 
The contact windows 18 and the conductive elements 
1 9 are formed, according to the invention, from the first 
side 2 of the semiconductor slice 1 before the latter is 
fastened to the support slice 15. In the present example, 
the contact windows 18 are formed in the insulating sil- 
icon oxide layer 3 during the same photolithographic 
process step in which the contact windows 12 are also 
formed in the silicon oxide layer 11. Accordingly, the 
same alignment marks (not shown) used for forming the 
contact windows 12 may also be used for forming the 
contact windows 18. The conductor tracks 14 and the 
conductive elements 19 in this example are formed in 
one and the same conductive layer 13. The conductor 
tracks 1 4 and the conductive elements 1 9 may then be 
formed in usual manner in one and the same photolith- 
ographic process step. The alignment marks used for 
forming the contact windows 12 and 18 may also be 
used for this purpose. 

After the insulating silicon oxide layer 3 has been 
exposed from the second side 17 of the semiconductor 



slice 1 , the conductive elements 1 9 provided in the con- 
tact windows 1 8 will also have been exposed. The sem- 
iconductor elements, in the example the field effect tran- 
sistor, may then be contacted by means of these ex- 

5 posed conductive elements 19. This has been effected 
in the example by means of a contact wire 20 provided 
by means of a usual bonding technique. It is alternatively 
possible to provide an external contact on the exposed 
conductive elements 18 by electroplating. 

10 To provide such external contact wires 20, the sup- 
port slice is divided into individual parts in usual manner, 
for example by sawing, whereby separate semiconduc- 
tor devices are formed. These may comprise one or sev- 
eral semiconductor elements each. In the former case 

15 discrete semiconductor devices are obtained, in the lat- 
ter case integrated semiconductor devices. 

All process steps preceding the fastening of the 
semiconductor slice 1 on the support slice 15 may be 
carried out in a space different from the space in which 

20 the remaining process steps are carried out. The former 
steps are carried out in a clean room, the other ones in 
a room in which the absence of dust particles is subject 
to less stringent requirements. As a result, the method 
according to the invention can be carried out at a com- 

25 paratively low cost. 

Fig. 7 shows a stage in a preferred embodiment of 
the method in which the conductive layer 1 3 is deposited 
on a conductive base layer 21 , after which the conductor 
tracks 14, 1 4 A and the conductive elements 19, 1 9 A are 

30 formed both in the conductive layer 13(14 and 1 9) and 
in the base layer (14 A and 19 A ). The materials of the 
base layer 21 and the conductive layer 1 3 may then be 
chosen such that the conductive layer 1 3 is adequately 
protected by the base layer 21 during the process of ex- 

35 posing the insulating layer 3, and in addition the con- 
ductor tracks 14 have a comparatively low electrical re- 
sistance. In the example given here, titanium, tungsten, 
or a titanium-tungsten alloy is chosen as the material for 
the base layer 21 . The silicon oxide insulating layer 3 is 

40 exposed in an etching bath with KOH. The conductive 
layer 1 3 is effectively protected by the base layer 21 in 
this etching bath. Aluminium or an aluminium alloy is 
chosen as the material for the conductive layer 13. As 
a result, the conductor tracks 14 have an electrical re- 

45 sistance which is much lower than that of conductor 
tracks formed in a titanium, tungsten, or titanium-tung- 
sten alloy layer. 

Fig. 8 shows a stage in a preferred embodiment of 
the method in which the contact windows 1 8 are provid- 

50 ed with an auxiliary layer 23 on their bottom 22 before 
the conductive layer 1 3 is deposited. This is done in that 
an auxiliary layer 24 is deposited on the insulating layer 
1 1 and in the contact windows 1 2 and 1 8, which auxiliary 
layer is subsequently covered with a photoresist mask 

55 (not shown) which covers the window 18 and an edge 
15 surrounding this window. Then an etching treatment 
is carried out whereby the uncovered portions of the 
auxiliary layer are removed. Thus the auxiliary layer 23 
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remains on the bottom 22 of the contact windows 18. 
After the bottom 22 has been covered with the auxiliary 
layer 23, the conductive layer 13 is deposited in which 
subsequently the conductor tracks 14 and the conduc- 
tive elements 19 are formed. 

During the process of exposing the insulating layer 
3, the conductive layer 13 is protected by the auxiliary 
layer 23. In the example depicted in Fig. 8, the material 
of the auxiliary layer 23 and that of the conductive layer 
13 may be chosen fully independently of one another; 
the material of the auxiliary layer such that it is effectively 
resistant to the KOH etching bath, the material of the 
conductive layer 13 such that the conductor tracks 14 
will have a low electrical resistance and will make a good 
contact with the semiconductor elements. In the exam- 
ple given here, an auxiliary layer 23 may be made of 
titanium, tungsten, or a titanium-tungsten alloy, and the 
conductive layer 1 3 may be made from aluminium or an 
aluminium alloy. An auxiliary layer with a thickness of 
approximately 10 nm in this case affords the conductive 
elements 19 an adequate protection. 

Fig. 9 shows a stage in a preferred embodiment of 
the method in which the auxiliary layer 26 is made from 
a non-conductive material, for example, an approxi- 
mately 20 nm thick silicon nitride layer in this example 
which is very effective as an etching stopper during etch- 
ing in an etching bath containing KOH. During or after 
the exposure of the insulating layer 3, as is shown in 
Fig. 10, the conductive elements 19 within the contact 
windows 18 are then also exposed. This may be done 
in a simple manner in that an etching treatment is carried 
out in a usual CF 4 -0 2 plasma after the insulating layer 
of silicon oxide 3 has been exposed in the KOH etching 
bath. 

The conductive elements 19 may alternatively be 
advantageously exposed when the auxiliary layer 23 is 
made of a conductive material, as in the example shown 
in Fig. 8, or when the conductive elements 19 are formed 
on a conductive base layer 1 9 A , as in the example 
shown in Fig. 7. It is then possible in these cases to man- 
ufacture the conductive layer 13 from a material, such 
as aluminium or an aluminium alloy, on which a conduc- 
tive wire 20 can be provided for external contacting by 
means of a usual bonding technique. 



Claims 

1. A method of manufacturing semiconductor devices 
whereby semiconductor elements and conductor 
tracks are formed on a first side of a semiconductor 
slice, wherein said semiconductor slice comprising, 
on said first side, a layer of semiconductor material 
lying on an insulating layer, after which support 
slice, is fastened to said first side of the semicon- 
ductor slice, and after which material is removed 
from the semiconductor slice from its second side, 
said second side being opposite to the first side, un- 



til the insulating layer has been exposed, during 
which method the insulating layer is provided with 
contact windows in which conductive elements are 
provided which are connected to the semiconductor 
5 elements, characterized in that the insulating layer 

is provided with said contact windows and the con- 
ductive elements are provided in the contact win- 
dows from the first side of the semiconductor slice 
before the latter is fastened to the support slice, so 
10 that when exposing the insulating layer said con- 
ductive elements are also exposed. 

2. A method as claimed in Claim 1 , characterized in 
that after the formation of the contact windows in 
15 the insulating layer a conductive layer is deposited 
on the first side of the semiconductor slice, in which 
subsequently both the conductor tracks and the 
conductive elements are formed. 

20 3. a method as claimed in Claim 2, characterized in 
that the layer of conductive material is deposited on 
a conductive base layer after which the conductor 
tracks and the conductive elements are formed both 
in the conductive layer and in the base layer. 

25 

4. A method as claimed in Claim 2, characterized in 
that the contact windows are provided with an aux- 
iliary layer on their bottom before the conductive 
layer is deposited. 

30 

5. A method as claimed in Claim 3 or 4, characterized 
in that, after the insulating layer has been exposed, 
the conductive layer inside the contact windows is 
also exposed. 

35 

Patentanspruche 



1. Verfahren zum Herstellen von Halbleiteranordnun- 

40 gen, wodurch Halbleiterelemente und Leiterbahnen 
auf einer ersten Seite einer Halbleiterscheibe gebil- 
det werden, wobei die genannte Halbleiterscheibe 
an der genannten ersten Seite vorgesehen ist, mit 
einer auf einer Isolationsschicht liegenden Schicht 

45 aus Halbleitermaterial, woraufhin eine Tragerschei- 
be an der genannten ersten Seite der Halbleiter- 
scheibe befestigt wird und woraufhin Material von 
der Halbleiterscheibe von ihrer der ersten Seite ge- 
genuber liegenden zweiten Seite entfernt wird, bis 

50 die Isolationsschicht freigelegt worden ist, wobei 
wahrend dieses Verfahrens die Isolationsschicht 
mit Kontaktfenstern versehen wird, in denen leiten- 
de Elemente angebracht werden, die mit den Halb- 
leiterelementen verbunden sind, dadurch gekenn- 

55 zeichnet, daB die Isolationsschicht mit den genann- 
ten Kontaktfenstern versehen wird und die leiten- 
den Elemente in den Kontaktfenstern von der er- 
sten Seite der Halbleiterscheibe aus angebracht 
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werden, bevor letztere an der Tragerscheibe befe- 
stigt wird, so daB beim Freilegen der Isolations- 
schicht diese genannten leitenden Elemente auch 
freigelegt werden. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB nach Bildung der Kontaktfenster in der Iso- 
lationsschicht eine leitende Schicht auf der ersten 
Seite der Halbleiterscheibe deponiert wird, in der 
anschliefBend sowohl die Leiterbahnen als auch die 
leitenden Elemente gebildet werden. 

3. Verfahren nach Anspruch 2, dadurch gekennzeich- 
net, daB die Schicht aus leitendem Material auf ei- 
ner leitenden Basisschicht deponiert wird, worauf- 
hin die Leiterbahnen und die leitenden Elemente 
sowohl in der leitenden Schicht als auch in der Ba- 
sisschicht gebildet werden. 



2. Procede suivant la revendication 1 , caracterise en 
ce que apres la formation des fenetres de contact 
dans la couche isolante, une couche conductrice 
est deposee sur le premier cote de la tranche semi- 

5 conductrice, dans laquelle par la suite les rubans 

conducteurs et les elements conducteurs sont for- 
mes. 

3. Procede suivant la revendication 2, caracterise en 
10 ce que la couche de materiau conducteur est depo- 
see sur une couche de base conductrice apres quoi 
les rubans conducteurs et les elements conduc- 
teurs sont formes dans la couche conductrice et 
dans la couche de base. 

15 

4. Procede suivant la revendication 2, caracterise en 
ce que les fenetres de contact sont pourvues d'une 
couche auxiliaire sur leur base avant que la couche 
conductrice ne soit deposee. 

5. Procede suivant la revendication 3 ou 4, caracterise 
en ce que, apres que la couche isolante a ete ex- 
posee, la couche conductrice a I'interieur des fene- 
tres de contact est egalement exposee. 



4. Verfahren nach Anspruch 2, dadurch gekennzeich- 20 
net, daB die Kontaktfenster auf ihrem Boden mit ei- 
ner Hilfsschicht versehen werden, bevor die leiten- 
de Schicht deponiert wird. 

5. Verfahren nach Anspruch 3 oder 4, dadurch ge- 25 
kennzeichnet, daB nach Freilegen der Isolations- 
schicht die leitende Schicht innerhalb der Kontakt- 
fenster auch freigelegt wird. 

30 

Revendications 



1. Procede de fabrication de dispositifs a semi-con- 
ducteurs par lequel des elements semi-conduc- 
teurs et des rubans conducteurs sont formes sur un 35 
premier cote d'une tranche semi-conductrice, ladite 
tranche semi-conductrice comprenant sur ledit pre- 
mier cote une couche de materiau semi-conducteur 
reposant sur une couche isolante, apres quoi une 
tranche de support est fixee au dit premier cote de 40 
la tranche semi-conductrice et apres quoi de la ma- 
tiere est enlevee de la tranche semi-conductrice a 
partir de son deuxieme cote, ledit deuxieme cote 
etant oppose au premier cote, jusqu'a ce que la cou- 
che isolante ait ete exposee, pendant lequel proce- 45 
de la couche isolante est pourvue de fenetres de 
contact dans lesquelles sont prevus des elements 
conducteurs qui sont connectes aux elements 
semi-conducteurs, caracterise en ce que la couche 
isolante est pourvue desdites fenetres de contact so 
et les elements conducteurs sont prevus dans les 
fenetres de contact a partir du premier cote de la 
tranche semi-conductrice avant que cette derniere 
ne soit fixee a la tranche de support, de maniere, 
que lors de I'exposition de la couche isolante, les- 55 
dits elements conducteurs soient egalement expo- 
ses. 
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